Abstract: Load-bearing metal structures working in atmospheric conditions are exposed to corrosion. Known-in-the art paint-and-lacquer protective coatings can provide protection of metal for rather short period of time (5…10 years).
Introduction
Metal structures during service are subjected to moisture, ultraviolet radiation, temperature drops, contamination, the key factors of occurrence and development of corrosion of metal, which, according to various estimates, destroy from 10 to 12 % of metalwork produced worldwide. All above listed factors related to atmospheric corrosion have deleterious effect on metal structures of historical monuments as well. Corrosion of metal structures in atmospheric conditions occurs as a result of the action of short-circuited electrochemical cells. The difference of electrode potentials of the elements -the result of presence of various structural components and various concentrations of the potential  determining ions in different sites adjacent to the metal surface layer of electrolyte (an aqueous solution containing acid, alkali or salt). Visualized atmospheric corrosion products consist mainly of hydrated iron oxides (rust) [1] [2] [3] [4] . Rate of electrochemical corrosion of metal may increase or decrease to zero, depending on availability of specific active substances on its surface. For example, presence of moisture is an important factor determining the speed of corrosion process in a free access to oxygen or the presence of corrosive ions. Humid atmosphere, particularly in the presence of sulfur dioxide and carbon dioxide, can be sufficiently aggressive environment.
The cause and type of corrosion and its development determine choice of appropriate methods for protection. The choice of method is determined by its efficiency in each particular case, as well as economic feasibility. Protection from corrosion using coatings is based on their insulating, barrier, passivation or protective effect. Insulating coatings completely exclude possibility of penetration of aggressive agents to protected surface. According to [5, 6] , mechanically activated water glass-based coatings lose their abilities after a few years in service as a result of destructive processes (loss of adhesion, interruption of continuity of the protective coating due to its cracking followed by its peeling and flaking from the substrate).
In order to eliminate these shortcomings, preparation process of such compositions should be changed accordingly.
To eliminate these drawbacks, it is necessary to change the preparation process of such compositions accordingly. This can be achieved by means of their nanostructuring due to cavitation processing. Implementation of this approach can be done by using cavitation devices for low-temperature synthesis of the compositions with required properties. Nanoscale cavitation, due to collapse of cavitation bubbles, affect physico-chemical properties of substances that deplete macromolecules and supramolecular structures, inactivated bacterial cells, and more [7] [8] [9] [10] [11] [12] [13] [14] [15] .
A simplified principal scheme of cavitation process is shown in Figure 1 [16] .
According to the works reported in [17] [18] [19] [20] [21] [22] , synthesis of zeolite-like phases to ensure durability of the alkaline aluminosilicate binder-based coatings can be provided by short-time hydrodynamic cavitation.
The purpose of this work was to develop technology (choose parameters) for the alkaline aluminosilicate binder-based coating preparation in the fields of hydrodynamic cavitation and to try them in real application. 
Materials and testing techniques
The following materials were used to prepare the alkaline aluminosilicate suspensions with the following formula:
(0.72Na2O+0.28K2O: КМ 60 metakaolin (Czech Republic); water glass with density of 1400 kg/m 3 and silicate modulus of 2.8 (SiO2 -33.1 %, Na2O -12.2 %); microsilica (SiO2  content higher than 85%); technical grade alumina (5% by weight of metakaolin). Chemical grade sodium and potassium hydroxides were used in the process of nanostructuring of the above suspensions.
Synthesis of the binder was performed in compliance with the polycondensation reaction:
According to the data of X-ray phase analysis, diffraction peaks were identified in metakaolin ( Activation of the alkaline aluminosilicate dispersions was carried out in a high-speed cavitator and specific features of the alkaline aluminosilicate suspensions were examined using X-ray phase and differential-thermal analyses.
Identification of the phase was done according to [23] [24] [25] [26] .
With consideration of [27] [28] [29] on the influence of cavitation treatment of the alkaline aluminosilicate suspensions the following binder with a structural formula (0.72Na2О+0.28K2О)•1.5Al2O3 4.5SiO2•17.5H2O was chosen for the study.
The study the results of which are presented in this paper was done in three steps: first, effect of cavitation treatment on structure formation processes in the alkaline aluminosilicate binders was studied; then, the alkaline aluminosilicate binder-based coatings were prepared and their properties were studied; and, at last, pilot trial of the alkaline aluminosilicate binder-based coatings was performed. (Figure 3) , being characteristic of cavitation in hydrodynamic conditions and correlating well with the data given in [20, 21, 27, 28] .
After 28 day of hardening in natural conditions the hydration products of the alkaline aluminosilicate dispersion The binder was first activated by subjecting it to hydrodynamic cavitation treatment, then mixed with fillers [30] [31] [32] . Physico-mechanical properties of the formulated coating are given below in Table 1 Table 1 . Specifications of protective aluminosilicate-based coating In 1968, the surfaces of these portal frames were painted using organo-mineral protective coating resistant to atmospheric corrosion. Between 1968 and 2010 no protection measures were taken with regard to metal structures. As a result of variations in temperature/humidity fields, centers of corrosion attack have occurred at a height of 35 m in the places where ends of the metal structures were embedded into load-bearing brick walls of the Bell Tower (Figure 4) .
The results of visual observation showed corrosion-induced damage of the metal beams ( Figure 5 ) and a decision was taken as to restoration of metalwork to which the bells are hung. In the process of work the condition of the applied coating and metal substrate beneath this coating after 6 years in service in high humidity conditions and other aggressive exposures was studied.
Before the protective coating was applied the metal surfaces were properly cleansed. These preparatory works included:
removal of products of corrosion -layer of rust; formation of profile and rough surface of the metal beams manually with the help of a grinding tool.
Examination of the condition of the metal substrate showed that: steel surface, which began to corrode and started to worn due to abrasion, corresponded to corrosion grade В (as per ISO 8501-1); after manual cleaning the rust was removed, and metal surface had grade of surface cleanliness Sa 1 (as per ISO 8503); roughness group of the metal substrate was measured using a comparator: profile grading S -wave-like profile (corrugated), surface roughness group -medium-rough, Rz 125 mkm (as per ISO 8503). A given profile and roughness group are suitable for application of the alkaline aluminosilicate binder-based coating in thicknesses up to 150 mkm.
Determination of values of adhesion was carried out by forced detachment (pull-off strength). The formulated coating was applied manually with a brush to reference metal plates 70×150×3 mm in size. The plates with solidified coating were stored on horizontal surface of the flange beams in the conditions in which the frame itself was in service.
Thickness of the alkaline aluminosilicate binder-based coatings was measured using a layer thickness meter TP-1, and the value of adhesion by a method of normal force detachment using a device for adhesion testing designed by the approved testing center for building structures of the Kiev National University of Construction and Architecture.
Macrostructure of the artificial stone was studied after preparation and hardening (solidification) (Figure 7 , а) and after 6 years of service in high humidity conditions (Figure 7 , b) using a digital microscope. 
Conclusions
The results of work suggested to draw the following conclusions: the application of hydrodynamic cavitation to the alkaline aluminosilicate binder affects positively zeolite phase formation in the hydration products in normal conditions; these zeolite-like phases are responsible for durability of the alkaline aluminosilicate binder-based coating; the coated (using alkaline aluminosilicate binder-based coating) surfaces of the metal portal frames in which the bells are hung for a period of 6 years were not damaged, that is the applied coating was found to be resistant to atmospheric corrosion. No sign of cracks, swelling and flakes was observed, the value of adhesion of the alkaline aluminosilicate binder-based coating to metal substrate was 1.72 MPa, being by 2.9 times higher than the norm-specified value.
